Introduction 44 45
Lead (Pb) is a toxic trace element that has been the subject of extensive human health research. Its 46 neurotoxic effects from the oral exposure pathway, particularly in children, are well documented 47 (EFSA, 2010; ATSDR, 2007; Ryan et al., 2004; CCME, 1999; Rosen, 1995) . Some studies also 48 suggest Pb exposure may be associated with increased incidences of violent crime (Meilke & Zahran, 49 2012; Nevin, 2007; Nevin, 2000) . Whilst many known toxins have quantifiable threshold exposure 50 levels above which toxic health effects could occur, Pb is currently regarded by the global scientific 51 community as a non-threshold toxin. Non-threshold toxicity indicates that laboratory studies have not 52 Due to the global variability in Pb NBCs and also with regards to its non-threshold toxicity, 74 identifying a starting point for contaminated land assessment in a human health context is challenging. 75
The CCME provides a soil quality guideline of 140 mg kg -1 in a residential land use setting (CCME, 76 1999). Following its non-threshold toxicity classification, the generic Pb soil guideline value (SGV) 77 (DEFRA & EA, 2002a) was withdrawn in the UK. Whilst a selection of provisional Category 4 78 screening levels (pC4SL) for Pb were recently published (Harries et al., 2013) throughout the region with active mines also present, particularly near the Antrim Glens in the 144 northeast ( Fig. 1; GSNI, 2014) . Outside of the main urban areas of Belfast and Londonderry, land is 145 largely rural and used for agricultural purposes, with metropolitan areas accounting for less than 4% 146 of land use across the study area (European Environment Agency, 2012). As a result, the study area is 147 often perceived to be relatively unspoiled from an anthropogenic pollution perspective (Zhang, 2006) . ICP concentrations rely on the antecedent aqua regia acid extraction. Although aqua regia acid is 226 said to effectively leach many metals (Gill, 1997) , the solubility of elements will affect how easily 227 they are leached from the soil (Delgado et al., 2011) . Therefore, by comparing the concentrations 228 measured by the two methods, element solubility at a regional scale can be estimated. Elements 229 which are more soluble in the environment generally exhibit higher oral bioaccessibility (Finžgar et BGS from Merck, Sigma, Baker and Carl Roth. Saliva, gastric, duodenal and bile solutions were 273 prepared one day prior to soil extractions to permit stabilisation. Solution pH was adjusted as 274 required according to UBM specifications using either 37% HCl or 1M HNO 3 (Table 1) . Soils not 275 adhering to pH specifications (pH < 1.5) after one hour of gastric extraction were discarded and re-276 extracted at a later date. 277 Glens, extending south into the Belfast metropolitan area and Ards Peninsula, with the occurrence of 300 elevated Pb concentrations continuing along the southeast NI-Co. Monaghan border (Fig. 1, Fig. 2A) . 301
Peat soils overlying the Sperrin Mts. in the northwest also host elevated concentrations of Pb. It is 302 this part of the study area that receives the most precipitation borne from Atlantic Ocean air currents 303 (Met Office, 2012). The maximum measured extractable Pb concentration occurs near the Belfast 304 metropolitan area (> 3000 mg kg -1 ). 305
306
Although no SGV is currently available for Pb in the UK, Table 2 provides an overview of how Pb 307 concentrations compare against historic withdrawn and current provisional soil screening criteria. 308 soil sample locations in the study area (Fig. 2B) . When total XRFS Pb concentrations are compared 314 with the pC4SL, the number of occurrences where the screening criterion is exceeded increases to 315
2,629 (not illustrated). 316 317
Given the withdrawn and provisional nature of the Pb SGV and pC4SL, respectively, it would not be 318 possible to assess the potential level of health risk from the values presented in Table 2 (Fig. 4) . Pb gastric bioaccessibility exceeded 50% of total concentrations at 13 different soil 378 locations across the study area (Fig. 6A) . 379 (Fig. 5) , the highest average BAFs were measured in soils overlying this domain. 385
Rural areas had the lowest mean and minimum bioaccessible Pb concentrations and the lowest 386 average BAFs (Table 5) . Urban domains accounted for the second highest maximum bioaccessible 387
Pb concentrations, although peat and urban domains each hosted intermediate levels of bioaccessible 388
Pb in general when compared to the other source domains (Table 5) . Where small urban domains 389 overlapped with the extent of the mineralisation domain, it was assumed mineralisation acted as the 390 primary Pb source and samples were assigned to the mineralisation domain. 391
392
Despite the lower solubility of Pb in soils overlying the Sperrin Mts. (Fig. 5) , Pb from the peat source 393 domain present in this area is still moderately bioaccessible (Fig. 6A, Table 5 ). Similarities in Pb 394 bioaccessibility between the peat and urban domains may suggest that bioaccessible Pb in these 395 domains arises from similar sources, such as atmospheric deposition from urban or industrial 396 emissions. Alternatively, this observation in peat may be coincidental and instead governed by the 397 presence of dissolved organic matter, low pH and reducing conditions in peat soils that are conducive 398 to higher levels of trace element mobility and bioaccessibility (Appleton et for elevated Pb soil concentrations ( Fig. 2A) , areas of higher Pb solubility (Fig. 5) and also with 409 mineralisation, urban, and peat Pb source domains (Fig. 6A) . These findings may suggest that both 410 diffuse anthropogenic and widespread geogenic Pb sources are capable of presenting health risks from 411 the oral exposure pathway. Combining existing knowledge surrounding non-threshold toxicity with the findings that Pb in the 466 study area displays moderate to high solubility and oral bioaccessibility warrants more detailed risk 467 evaluation for Pb in soil. 
